patients (1-59 years old, median 23) with acute leukemia (67% not in remission) underwent ex vivo T-cell-depleted (TCD) bone marrow transplants (BMT) from partially mismatched related donors (PMRD; 92% mismatched for 2-3 HLA A, B, DR antigens). Conditioning comprised total body irradiation, cyclophosphamide, cytarabine, etoposide, anti-thymocyte globulin (ATG), and methylprednisolone. Graft-versus-host disease (GVHD) prophylaxis comprised partial TCD with OKT3 (n ¼ 143) or T10B9 (n ¼ 58), steroids, ATG, and cyclosporine. The engraftment rate was 98%. The cumulative incidences of grades II-IV acute GVHD and chronic GVHD were 13 and 15%, respectively. The 5-year cumulative incidences of relapse and transplant-related mortality (TRM) were 31 and 51%, respectively. The actuarial 5-year overall survival (OS) and disease-free survival (DFS) probabilities were 19 and 18%, respectively. Patient age 415 years, active disease at transplant, donor age 425 years, and 3-antigen donor mismatch (host-versus-graft) affected the outcome adversely. The actuarial 5-year OS of four groups of patients identified based upon these risk factors was 39, 20, 13, and 0%, respectively (Po0.0001). We conclude that PMRD BMT is a potential treatment option for patients with high-risk acute leukemia who require an alternative donor transplant and fall into a group with a reasonable expected outcome.
patients with acute leukemia at some stage of the disease. The ideal stem cell donor is an HLA-identical sibling. For patients without HLA-identical sibling donors, autotransplantation or an allograft from an alternative donor are options. [1] [2] [3] [4] [5] [6] Alternative donors include HLA-mismatched family donors (partially mismatched related donors; PMRD), HLA-matched unrelated donors, and cord blood.
The clinical application of PMRD transplantation (PMRDT) in practice, despite a relatively long history and the ready availability of donors for the majority of patients, [1] [2] [3] [6] [7] [8] [9] [10] has not been widespread because of the intensive nature of the procedure. However, because of encouraging short-term results reported recently using large doses of T-cell-depleted blood-derived stem cells, 11, 12 there has been a resurgence of interest in PMRDT as a therapeutic option for patients requiring alternative donor transplants. In this paper, we have analyzed the outcome of 201 consecutive acute leukemia patients undergoing PMRDT at a single center.
Patients and methods
All consecutive acute leukemia patients undergoing PMRDT at the Division of Transplantation Medicine of the South Carolina Cancer Center, Palmetto Richland Memorial Hospital and University of South Carolina between February 1993 and December 1999 who fulfilled the following criteria were included: no preceding transplant (patients autografted previously, for the same disease or another disease, were excluded), 13 de novo disease (patients with a known antecedent hematologic disorder such as myelodysplastic syndrome, chronic myeloid leukemia or other myeloproliferative disorders were excluded), and total-body irradiation (TBI)-containing conditioning regimen. Table 1 shows the characteristics of the 201 patients. All patients and donors provided written, informed consent. All research protocols (transplantation as well as supportive care) were approved by the institutional review board.
HLA typing
Class I and II typing was performed by standard serologic techniques. Additional typing was performed in a proportion of cases using high-resolution techniques (PCR-SSOP). The typing results reported here (Table 2 and the analyses) reflect serologic typing for HLA-A, B, and DR, because the choice of donors was usually based upon these results.
Donor choice
Donors were prioritized on the basis of the greatest HLA matching, cytomegalovirus (CMV) seronegativity for seronegative recipients, younger age, same sex, and better health. 14 
Conditioning. regimens and graft-versus-host disease (GVHD) prophylaxis
All patients received TBI as part of the conditioning. Additional cytoreductive agents comprised cytarabine, cyclophosphamide, and etoposide. Pre-transplant methylprednisolone and anti-thymocyte globulin (ATG) contributed to immunosuppression to facilitate engraftment (Table 3) . Table 4 shows the number of patients receiving each type of regimen. Tables 3 and 4 show the GVHD prophylaxis. The pharmacologic mainstay of GVHD prophylaxis was cyclosporine, methylprednisolone, and ATG (Atgam, Pharmacia, Kalamazoo, MI, USA). The marrow was depleted of T cells using the monoclonal antibodies T10B9 (1993-94) or OKT3 (1995-99) using techniques described previously. 6, 15, 16 Acute and chronic GVHD were diagnosed and staged based on standard criteria, and treated with combination immunosuppressive therapy. [17] [18] [19] In addition to corticosteroids, cyclosporine, and ATG, etanercept (soluble tumor necrosis factor-a), 20 daclizumab (anti-CD25 monoclonal antibody), thalidomide, and extracorporeal photopheresis were employed as needed.
Supportive therapy
Patients were treated in HEPA-filtered single rooms. CMVseronegative patients with CMV-seronegative donors received CMV-screened blood products. All blood products were irradiated. Intravenous immunoglobulin was administered once a week post transplant for 100 days, less frequently between 100 and 180 days, and longer in patients with chronic GVHD. Filgrastim (granulocyte colonystimulating factor; G-CSF) or sargramostim (granulocytemacrophage colony-stimulating factor; GM-CSF) were administered to accelerate myeloid recovery post transplant. All patients received systemic antimicrobial agents prophylactically: usually a fluoroquinolone (ciprofloxacin or levofloxacin), an antiviral (acyclovir or valaciclovir), and a triazole antifungal (fluconazole or itraconazole). 21 Patients remained on antifungal and antiviral agents, penicillin V, and pneumocystis prophylaxis for as long as they were on immunosuppression.
Statistical analysis
The w 2 test was used to compare categoric variables and the Wilcoxon rank-sum test was used to compare continuous variables. The probabilities of disease-free survival (DFS) and overall survival (OS) were estimated by the KaplanMeier method, and compared using the log-rank test. Cumulative incidence of TRM and relapse was estimated using each type of event as a competing risk for the other. 22, 23 Cumulative incidence of acute and chronic GVHD was estimated using TRM and relapse as competing risks for each. The significance of differences in TRM and relapse was calculated using the likelihood-ratio statistic for proportional-hazards regression models. All follow-up data are current as of August 2000. The following factors were analyzed in Cox proportional-hazards regression models for effect on acute GVHD, chronic GVHD, TRM, relapse, DFS and OS: patient age (p15 vs 415), gender, diagnosis (AML vs ALL), disease status at transplant (remission vs active disease), donor (sibling vs other), donor age (p25 vs 425), The choice of the cutoff limits for the T-cell dose requires explanation. Very low T-cell doses can compromise engraftment and immune reconstitution, whereas high doses can increase the incidence and severity of GVHD. Therefore, rather than choose high vs low, it was felt that choosing an optimum T-cell dose range would be more appropriate. It should be emphasized that this was only for the purposes of the analysis; in practice, there was no control over the number of T cells infused once the marrow was processed. The categories for the number of mismatched host (GVH) and donor (HVG) antigens were derived from exploratory analyses of the data (details not shown). CD34 þ cell doses were available in half the patients and thus were not included in the Cox model. Table 2 shows details of HLA mismatching. In total, 51 patient-donor pairs were haploidentical with no shared antigens on the mismatched haplotype. At the other extreme, one nonsibling donor-recipient pair was phenotypically identical at HLA-A, B and DR. In all, 92% of the donor-recipient pairs was mismatched for at least two antigens in the GVH or HVG directions, and 70% in the GVH as well as HVG directions. Table 4 shows the cell numbers infused. T10B9-treated grafts contained significantly higher numbers of nucleated cells and T cells. CD34 þ cell numbers were not available for T10B9-treated grafts. As Figure 1 shows, neutrophil recovery to 0.5 Â 10 9 /l was prompt and 98% of evaluable patients engrafted.
Results

Acute GVHD
The cumulative incidence of grades II-IV acute GVHD was 13% (95% CI: 9-19) (Figure 2 ). The patients who developed grades II-IV acute GVHD had received a significantly higher T-cell dose than the remaining patients (median 0.8 Â 10 5 /kg vs 0.5 Â 10 5 /kg; P ¼ 0.04). However, no factor was found to influence the development of acute GVHD independently in Cox analysis.
Chronic GVHD
Chronic GVHD was seen in 33 of the patients at risk (surviving at least 80 days). As Figure 3 shows, the cumulative incidence of chronic GVHD was 15% (95% CI: [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] . In Cox analysis, the use of OKT3 for T-cell depletion was associated with a lower risk of developing chronic GVHD (relative risk 0.1; 95% CI: 0.02-0.4; P ¼ 0.002).
Transplant-related mortality
The cumulative incidence of TRM at 5 years was 51% (95% CI: 44-58) ( Figure 4) ; with 100 patients dying of treatment-related causes 0-987 days (median 71) post transplant. The causes of death were as follows: viral infections (n ¼ 18), multiorgan failure (n ¼ 16), pulmonary toxicity (acute respiratory distress syndrome, noninfectious pneumonitis) (n ¼ 15), fungal infections (n ¼ 13), acute GVHD (n ¼ 8), bacterial infections (n ¼ 8), Epstein-Barr virus (EBV) þ post transplant lymphoproliferative disease (PTLD) (n ¼ 6), chronic GVHD (n ¼ 5), graft rejection or failure (n ¼ 4), secondary malignancies (n ¼ 2), cardiotoxicity (n ¼ 2), thrombotic microangiopathy (n ¼ 2), and CNS toxicity (n ¼ 1). All except 10 deaths (four chronic GVHD, PMRD BMT for acute leukemia J Mehta et al three EBV, two bacterial infections, and one pulmonary toxicity) occurred within 1 year of transplantation.
Relapse
As Figure 4 shows, the cumulative incidence of relapse at 5 years was 31% (95% CI: 25-39), with 61 patients relapsing 21-1248 days (median 147) following the transplant. A total of 58 patients died of relapsed disease or consequences of further therapy. The remaining three patients are alive in CR 1071, 1253, and 1789 days after relapse; one each after chemotherapy, an infusion of donor leukocytes, and a second PMRDT.
Donor leukocyte infusions
These were administered to 62 patients at doses ranging from 1 Â 10 4 to 5 Â 10 6 CD3 þ cells/kg. The indications were treatment of recurrent disease (n ¼ 17), decreasing the likelihood of relapse (n ¼ 37), and treatment of PTLD (n ¼ 8). Among those treated for recurrent leukemia, one is alive in CR, whereas the rest died of progressive disease or GVHD. Among the 37 receiving donor cells prophylactically, 17 eventually relapsed and 20 did not. Of the latter, seven are alive and 13 experienced TRM (including six from GVHD).
EBV þ PTLD PTLD was seen in 11 patients at 1.5-15 months (median 4.5). Eight received donor cells as therapy (median 0.5 Â 10 5 /kg CD3 þ cells); two attained CR and one is alive. The other seven died of PTLD (n ¼ 5), acute GVHD (n ¼ 1), or relapse n ¼ 1). All three patients who did not receive donor leukocyte died; but not all from PTLD (one PTLD, one relapse, one CMV infection).
Survival
At the last follow-up, 43 patients (21%) were alive in remission at 4-83 months (median 58); 40 in continuous remission. The actuarial 5-year probabilities of DFS and OS were 18% and 19% respectively ( Figure 5 ). The actuarial 5-year DFS and OS were 29 and 34% for patients in first or second remission, and 13 and 14% for the remaining patients, respectively (P ¼ 0.0008 for DFS and P ¼ 0.0009 for OS). The actuarial 5-year DFS and OS were 26 and 30% for patients in remission, and 13 and 14% for patients with active disease, respectively (P ¼ 0.002 for both comparisons).
Among the 92 patients in whom infused CD34 þ cell numbers were available, higher numbers were associated with a trend towards superior OS (5-year probability 9% for o2 Â 10 6 /kg vs 19% for X2 Â 10 6 /kg; P ¼ 0.08) and DFS (5-year probability 9% for o2 Â 10 6 /kg vs 18% for X2 Â 10 6 /kg; P ¼ 0.08). The OS of the 51 patients who were bidirectionally threeantigen mismatched with their donors was significantly inferior to the remaining patients (13 vs 21% at 5 years; P ¼ 0.03); a difference that stemmed exclusively from patients with active disease at transplant (3 vs 18% at 5 years; P ¼ 0.0007). None of the 11 patients aged 50 years or more survived; 10 dying of TRM and one of recurrent leukemia. Table 5 shows the results of the Cox analysis. Remission at the time of the transplant, younger donor age, and o3 antigen donor (HVG) mismatch emerged as the three most important favorable variables. Younger patient age, o2 antigen host (GVH) mismatch, and a sibling donor were also associated with superior outcome.
Cox analysis
The three major factors were combined with patient age to produce four risk groups as follows: A (zero adverse factor or one adverse factor in patients aged p15 years; n ¼ 49), B (one adverse factor in patients aged 415 years; n ¼ 48), C (two adverse factors; n ¼ 82), and D (three adverse factors; n ¼ 22). The outcome of these four groups of patients was significantly disparate with actuarial 5-year survival of 39, 20, 13,and 0%, respectively (Po0.0001). (Figure 6 ). The disparity in outcome was largely the result of differing TRM (5-year cumulative incidence 28, 68, 49, and 68%); relapse rates were not significantly different (5-year cumulative incidence 38, 15, 37, and 32%).
While the infusion of an optimum number of T cells and TCD with T10B9 also affected some outcome measures significantly (Table 5) , these factors were not included in deriving risk groups because these were factors over which there was no control: OKT3 was used because T10B9 was not available, and the number of T cells infused depended upon the extent of TCD on an individual donor's marrow.
Discussion
Our data show that PMRDT results in long-term survival of a proportion of patients with acute leukemia. Depending upon the number of risk factors present, the outcome varies substantially (Figure 6 ). To the best of our knowledge, this is the largest and the most mature reported series of PMRDT up for any disease. Figure 5 Overall and disease-free survival.
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It is critical to separate modifiable (treatment-related) variables from nonmodifiable (biological) variables in order to refine clinical practice and improve outcome. 24 Of the factors identified to be significant here, patient age is clearly a factor over which there is no control. The others however may be modifiable to a variable extent. Based on these data, we would suggest choosing a younger 25 sibling donor with o3 antigen donor (HVG) mismatch, if there was a choice. While a 2-3 antigen host (GVH) mismatch was associated with a lower risk of relapse, this did not impact survival beneficially because of increased TRM in univariate analysis (data not shown). The increase in TRM was not significant in Cox analysis. Our data therefore do not provide any guidance on the number of host mismatches to choose.
Based on retrospective analysis of PMRDT data from the International Blood and Marrow Transplant Registry (IBMTR), it may be advisable to choose a sibling mismatched for noninherited maternal antigens when possible, and a mother when only parents are available as donors. 26 We would also suggest identifying appropriate patients without a suitable HLA-identical sibling or wellmatched unrelated 27, 28 donor early (ie while the disease is in remission).
The number of adverse variables present may be used to determine if PMRDT is indeed appropriate for a given patient or not. For patients with no adverse features (and younger patients with 1 adverse factor), the probability of long-term survival was 39%. This dropped to 20% with 1 adverse risk feature in older patients. Clearly, PMRDT is a reasonable treatment option in patients with zero to one adverse features who need an alternative donor transplant. This group comprised 97 of the 201 patients in this series -just under 50%. The long-term survival decreased to 13% in those with two adverse features and to 0% with three adverse features. This suggests that the use of PMRDT should be selective in patients with two adverse features and it should be avoided in patients with three adverse features. All 11 patients aged 50 years and over died; 10 of TRM and one of relapse. This suggests that patients over the age of 50 years should also probably not undergo PMRDT using standard (myeloablative) conditioning regimens; they could be candidates for investigational/nonmyeloablative transplant approaches possibly combined with more refined methods of graft preparation. 29 For patients requiring an allograft, an HLA-identical sibling is the best donor. If a matched sibling is not available, what should be the next preferred option? The question of PMRDT vs unrelated donor transplantation is Figure 6 The effect of the number of risk factors on overall survival (Po0.0001). The adverse factors are active disease at the time of transplant, donor age 425 years, and three-antigen donor (HVG) mismatch. Owing to the favorable effect of young patient age, patients aged p15 years who have one adverse risk factor are included with the no risk factor group. not an easy one to answer. In addition to HLA-A, B and DRB1, there are data that suggest that matching for HLA C and DQB1 also affects outcome. 27, 28 Thus, the definition of a good match in the unrelated donor setting is constantly changing. A patient with a 'perfectly' matched unrelated donor (matched at all 10 alleles) is likely to be best served by an allograft from that donor. Drobyski et al 30 showed recently that the outcome of patients allografted from wellmatched unrelated donors was superior to those transplanted from HLA-mismatched relatives or mismatched unrelated donors. This contrasts with the report by Handgretinger et al, 31 who observed superior outcome after transplantation of large doses of blood-derived CD34 þ cells from haploidentical related donors compared to matched unrelated donors. Taken together, these reports suggest that for patients with less than perfectly matched unrelated donors, PMRDT may be an option if an allograft is essential.
Purely from a practical standpoint, family donors are far more readily accessible, for the primary transplant procedure as well as for subsequent cell donations for adoptive immunotherapy. This may be especially important when dealing with a patient suffering from a disease with a rapid tempo where time is of the essence, and it may not be possible to organize a transplant from an unrelated donor. For non-Caucasian patients, the chances of finding an unrelated match are still low; making the option of PMRDT a more realistic prospect.
Autotransplantation may also be a viable alternative is some patients, 32 because the high relapse rates associated with it are compensated for by its favorable safety profile. This results in the eventual outcome being equal to or better than with PMRDT. 32 Similar data exist showing the equivalence or superiority of autotransplantation to unrelated donor transplantation in first and second remission AML 33 and ALL. 34 The key is identifying patients at the maximum risk of relapse with autotransplantation and offering them alternative-donor allografts, and identifying those at the maximum risk of TRM with alternative-donor allografts and offering them an autograft (if feasible) or nontransplant therapeutic options.
There is a suggestion in these data that higher CD34 þ cell doses are better, but this is an issue that requires further elucidation in the context of techniques employed here. CD34 þ cell doses that are considerably higher than this have been employed using T-cell-depleted blood (with or without marrow) as the source of stem cells in order to attain alloengraftment. 11 With limited follow-up, the results of the 43 patients with acute leukemia reported by Aversa et al 11 are comparable to the results we have obtained here. The issue of growth factor administration after alternative-donor transplantation has received some attention, [35] [36] [37] with all the data indicating a negative effect on outcome. This issue cannot be addressed adequately in our population of patients because almost all patients received growth factors post transplant.
We conclude that PMRDT results in long-term survival of a proportion of patients with acute leukemia, and may be a reasonable treatment option in selected patients.
